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Summary 

A f t e r  many y e a r s   o f   h e l p i n g   c a l i b r a t i o n  
laborator ies  so lve  f requency and t iming  problems 
on  an ad hoc b a s i s ,   t h e  Time  and  Frequency 
D iv i s ion   o f   t he   Na t iona l   Bu reau   o f   S tandards   i s  
o f f e r i n g  a new f requency   ca l i b ra t i on   se rv i ce  
t h a t  i s  s p e c i f i c a l l y  matched t o   t h e   u s e r ' s  
needs. Th is  new s e r v i c e   i s   i n t e n d e d   t o   t a k e  
advantage o f   t h e   l a t e s t   i n  measurement i n s t r u -  
m e n t a t i o n ,   w h i l e   a t   t h e  same t ime  keeping  the 
user   costs  l o w .  

The new s e r v i c e   c o n s i s t s   o f   i d e n t i f y i n g   t h e  
ca l i b ra t i on   p rob lem,   ob ta in ing  and i n s t a l l i n g  
the  necessary measurement  equipment,  and f i n a l -  
l y ,  a t r a i n i n g  seminar f o r  the  user .  The user 
then  obta ins  correct ions  for   the  accumulated 
c a l i b r a t i o n   d a t a   v i a  a telephone modem t o  the 
NBS frequency measurement computer. The s e r v i c e  
can  use l o w  f requency   rad io   s igna ls ,  o r  Loran-C 
s i g n a l s ,  f o r  NBS t r a c e a b i l i t y .  

I n t r o d u c t i o n  

A f requency   ca l i b ra t i on  means t h a t  a f r e -  
quency  source, a c r y s t a l ,   r u b i d i u m ,  o r  cesium 
o s c i l l a t o r ,  i s  measured us ing  a s tandard   re fe r -  
ence  f requency.  Data  are  recorded,  but ,   for  
seve ra l   reasons ,   p rec i s ion   osc i l l a to rs   a re  
normal ly   no t   ad jus ted   dur ing   each  Ca l ib ra t ion .  
A measurement i s  made and a reco rd  i s  kep t ,   bu t  
adjustments  are made o n l y   i n f r e q u e n t l y .  As a 
resu l t ,   cons ide rab le   reco rd   keep ing   i s   i nvo l ved .  
The new NBS Frequency C a l i b r a t i o n  system  auto- 
m a t i c a l l y  measures  and reco rds   t hese   ca l i b ra t i on  
data.  

H i s t o r i c a l l y ,   t h e   u s e r   o f  a h i g h   q u a l i t y  
frequency  standard has  purchased  equipment,  read 
the  manuals,  and  then  proceeded  with  the  cal i- 
b r a t i  ons. Al though  th is  approach t o  frequency 
c a l i b r a t i o n  has  changed l i t t l e  i n  several  dec- 
ades, we a t   t h e  NBS have no t i ced  a change i n   t h e  
needs o f   f requency   ca l ib ra t ions   users .  Our 
t e l e p h o n e   c a l l s ,   l e t t e r s ,   v i s i t o r s ,  and a t t e n -  
dees a t  NBS seminars  have shown us tha t   f requen-  
cy   ca l i b ra t i on   use rs  need a d i f f e r e n t   k i n d   o f  
serv ice .   That ' s  why t h i s   s e r v i c e  will empha- 
s i z e  a d i f f e r e n t  approach to   f requency   ca l i b ra -  
t ions.   Th is   approach i s  based  on NBS exper i -  
ences i n   r e c e n t   y e a r s ,   d e a l i n g   w i t h  a wide 
v a r i e t y  o f  u s e r s   a t  many l e v e l s  o f  accuracy. 

Background 

To s t a r t   t h e   d i s c u s s i o n   o f   t h e  new NBS 
Frequency C a l i b r a t i o n   s e r v i c e ,   c o n s i d e r   t h e  
h i s t o r y   o f   f r e q u e n c y   c a l i b r a t i o n .  M o s t  labora-  
to r i es   s imp ly   t une  WWV on s h o r t  wave,  and zero- 
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bea t  a l o c a l   o s c i l l a t o r   a g a i n s t   t h e  WV s i g n a l .  
T h i s   i s   t h e  most   wide ly   used  f requency  ca l ibra-  
t i o n   t e c h n i q u e   a n d   i s   q u i t e   a d e q u a t e   f o r  many 
users. The next  step  toward  higher  accuracies 
( b e t t e r   t h a n  a p a r t   i n  10') i nvo l ves   us ing  a VLF 
o r  a Loran  rece iver   (F igure  1.). 

The new f requency   ca l i b ra t i on   sys tem  i s   no t  
so much a change i n  what i s   b e i n g  used, b u t  how 
it i s   b e i n g  used. A c a l i b r a t i o n   l a b o r a t o r y  must 
decide  what  equipment t o  buy,  what it will cost ,  
how it can be made t raceab le ,  how  much manpower 
it will i n v o l v e ,  and so on. Once these  dec i -  
s ions have  been made, the  equipment i s  purchased 
and i n s t a l l e d   w i t h o u t  much t r o u b l e .  However, 
t h e  new NBS Frequency C a l i b r a t i o n   s e r v i c e  does 
no t   s imp ly  limit i t s e l f  t o  equipment  purchase 
and  operat ion.   Tra in ing f o r  s tandards  laboratory  
personnel i s  prov ided,  as i s  a d i rec t   t e lephone  
d a t a   l i n k   t o   t h e  NBS. Af ter   the  equipment i s  
i n s t a l l e d  and running,  the  user  can be assured 
t h a t   t h e   d a t a   a r e   c o r r e c t  and t h a t  a t raceab le  
c a l i b r a t i o n  has  been  performed. 

As ment ioned  prev ious ly ,   the need f o r   b o t h  
t r a i n i n g  and fo l l ow-up  has revealed i t s e l f  over 
many years o f  customer  contact. NBS has  addres- 
sed t h i s  need i n  severa l  ways. The two  most 
impor tant   s teps have  been t h e   o f f e r i n g   o f   f r e -  
quency c a l i b r a t i o n   t r a i n i n g  seminars a t   Bou lde r  
and   t he   pub l i ca t i on  o f  use r -o r ien ted   t echn ica l  
manuals.  Technical  Note 559 i s   i n  a second 
p r i n t i n g  and  more than 8000 copies have  been 
d i s t r i b u t e d  t o  a id   users   in   mak ing   cho ices  among 
s e v e r a l   d i f f e r e n t   f r e q u e n c y   c a l i b r a t i o n   t e c h n i -  
ques. 

Two separate  f requency  cal ibrat ion  seminars 
have  been o f f e r e d .  One dea ls   w i th   f requency  
standards and c locks .  It discusses  t ime  scales,  
i n t e r n a t i o n a l   a g e n c i e s   f o r  t i m e  and  frequency, 
s h o r t  and l o n g   t e r m   s t a b i l i t y ,  and n o i s e   i n  
o s c i l l a t o r s ;  and reviews  commercial  standards, 
t imekeeping, and clock  model ing.  A second 
seminar   covers   the   ca l ib ra t ion  o f  o s c i l l a t o r s ,  
the  use  of   f requency  counters,   the day t o  day 
measurement  and adjustment  of  frequency  standards 
and  the use o f  Loran-C  and VLF s igna ls   (F igure  
2 . )  

Even a f t e r   d i s t r i b u t i n g   s e v e r a l   t h o u s a n d  
cop ies   o f   t he  NBS User ' s  Manual  and g i v i n g  many 
seminars,  there was s t i l l  a missing  element. 
The attendees many times  went away w i t h   t h e  
i d e a   t h a t  many f requency   ca l ib ra t ion   techn iques  
cou ld  be  used, but   they  were  not   a lways  qu i te  
sure how t o  use  them. This  same problem was 
revealed  by  our  Close  contact   wi th  the  manufac- 
t u r e r s   o f  W V B ,  WV and  Loran-C rece ive rs .  
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Osc i l l a to r   manu fac tu re rs  and o the rs  who  saw t h i s  
p r o b l e m   w o u l d   o f t e n   t e l l   t h e i r   c u s t o m e r s   t o   c a l l  
NBS rega rd ing   f requency   t raceab i l i t y .  

As the  equipment  purchased  during  the 5 0 ' s  
and 6 0 ' s  g r a d u a l l y  became obso le te ,   users   ind i -  
cated a d e s i r e   t o  upgrade t h e i r   l a b o r a t o r y  
equipment. NBS i s  an a c t i v e  member i n   t h e  
Nat ional   Conference  of   Standards  Laborator ies.  
The membership o f  t h a t  group was most  vocal i n  
w a n t i n g   h i g h e r   q u a l i t y   c a l i b r a t i o n s .  As  new 
equipment i s   s p e c i f i e d  and  purchased,  the  level  
o f   c a l i b r a t i o n   a c c u r a c y  moves  up f r o m   p a r t s   i n  
lo7 o r  l o 8 ,  towards  parts i n  10". The  new NBS 
Frequency C a l i b r a t i o n   s e r v i c e   c a n  accommodate 
a l l   o f  these  requirements. When companies 
i n v e s t   i n  new 1 ab equipment,  they  want it t o  
meet t h e i r  needs as f a r   i n t o   t h e   f u t u r e  as 
poss ib le .   Bu t  as they   i nc rease   ca l i b ra t i on  
accuracy,   operator  ski  11 becomes more o f  a 
f a c t o r .  These are  the  two  main  areas  the new 
NBS Frequency C a l i b r a t i o n  system  addresses: 
what t o  buy, how t o  use it, and  more impor tant  
how t o   i n s u r e  good t r a c e a b i l i t y   a t   h i g h   a c c u r a c y  
leve ls   w i thout   becoming  over ly   labor   in tens ive .  

T h i s   i s  an  important  feature.   Users  want 
t h e i r   f r e q u e n c y   c a l i b r a t i o n s   t o  be   p rec ise  and 
t r o u b l e   f r e e .  Many labo ra to r ies   canno t   a f fo rd  
t o  spend  large amounts o f  t i m e  on frequency 
ca l i b ra t i ons   s ince   t hey   usua l l y  have o the r  
demands fo r   ava i l ab le   resources .  The need i s  
f o r  an automatic  system  where  the  operator i s n ' t  
r e q u i r e d   t o   l e a r n  a complex  procedure. A sugges- 
t i o n  was once made t o   c a l l   t h i s   k i n d   o f   c a l i b r a -  
t i o n   s e r v i c e  a u t i l i t y ,   l i k e  a telephone. One 
can  use it w i t h o u t  much t r a i n i n g ,  and i f  i t  
stops  working, someone e l  se i s  concerned  about 
it. The NBS goal was t o   d e l i v e r   s t a t e - o f - t h e -  
a r t   c a l i b r a t i o n s  o f  frequency i n  a way t h a t   d i d  
not  unduly  burden  the  user.  I t  i s  w o r t h   n o t i n g  
t h a t   f r e q u e n c y   c a l i b r a t i o n s   a r e   r e l a t i v e l y  easy 
t o  automate,  even a t   d i s tances   o f   t housands   o f  
mi les.   Th is   cannot  be s a i d  o f  a l l   t h e   o t h e r  
basic  standards. 

I n   t h e   c o u r s e   o f  a year ,   the  NBS T ime  and 
Frequency Divis ion  handles  thousands o f  i n q u i r i e s  
r e l a t i n g   t o   f r e q u e n c y   c a l i b r a t i o n s .  These range 
f r o m  the  most  casual  use o f  WWV t o  the  most 
soph is t i ca ted   f requency   users   want ing   to   inc rease 
t h e i r   c a l i b r a t i o n   a c c u r a c i e s .  Many o f   t h e s e  
users  don ' t   necessar i ly   want   super ior   accuracy 
b u t   r a t h e r  want  advice on i n s t a l l i n g  and operat -  
i n g  a s imple  system  that  will n o t   t a k e  much t ime  
to   unders tand.   Of ten   the  NBS response t o   t h e s e  
i n q u i r i e s   i s   t o   r e f e r  them t o  manufac turers   o f  
equipment  that  w i  11 meet t h e i r  needs. NBS 
mainta ins a l i s t   o f  m a n u f a c t u r e r s   j u s t   f o r   t h a t  
purpose.   L is ted   a re   a l l   those  manufac turers   o f  
Loran-C rece ive rs ,  WV rece ive rs ,  GOES s a t e l l i t e  
equipment  etc. , known t o  NBS, b u t   w i t h o u t  any 
NBS endorsement o r   c e r t i f i c a t i o n   o f   p e r f o r m a n c e .  
T h i s   i s  done  as a se rv i ce   t o   t he   manu fac tu re rs  
and the   f requency   ca l ib ra t ion   users .  

For many years NBS has broadcast  frequency 
ca l i b ra t i on   s igna ls   f rom  seve ra l   rad io   s ta t i ons .  
This  has  been a very  popular   serv ice.  NBS has a 
c l o s e   w o r k i n g   r e l a t i o n s h i p   w i t h   m o s t   o f   t h e  

manufacturers i n   t h e   f r e q u e n c y   c a l i b r a t i o n  
i n d u s t r y  and i s   a c t i v e   i n   s t a n d a r d s   l a b s   o r g a n i -  
za t ions .   Pub l ish ing   ca l ib ra t ion   manua ls  and 
g iv ing  seminars have  been u s e f u l   a c t i v i t i e s  and 
they have  been wel l   rece ived.   Th is  new NBS 
Frequency   Ca l ib ra t ion   serv ice  i s  a l so  a n a t u r a l  
s tep  made p o s s i b l e  by the  low  cost  computers and 
telephone modems c o u p l e d   w i t h   t h e   f a c t   t h a t   h i g h  
accuracy   rad io   s igna ls   a re   ava i lab le   near ly  
everywhere. 

A New Frequency C a l i b r a t i o n   S e r v i c e  

Here i s  a d e s c r i p t i o n   o f   t h e   s t e p s   i n v o l v e d  
i n   t h i s  new  NBS Frequency   Ca l ib ra t ion   serv ice .  
F i r s t ,   t h e r e  i s  i n i t i a l   c o n t a c t   w i t h  a user. 
T h i s   i s   f o l l o w e d   b y   a t t e n d a n c e   a t  an NBS seminar 
to   he lp   t he   use r   dec ide  on choices f o r  s i g n a l s  
and  equipment.  Next,  the  user  obtains  equipment 
t h a t   i s   c o m p a t i b l e   w i t h   t h e  NBS recommended data 
gather ing  format ,  and f i n a l l y ,   t h e   u s e r  becomes 
p a r t   o f  an NBS f requency   ca l i b ra t i on   i n fo rma t ion  
network.  This  network has  two pa r t s .  The f i r s t  
p a r t  i s  t he   rece ip t   (by   ma i l  o r  computer  termin- 
a l )   o f   t h e   c u r r e n t   f r e q u e n c y   d a t a   r e q u i r e d   f o r  
l a b o r a t o r y   t r a c e a b i  1 i t y .  The second p a r t   i s  an 
on- l ine   te lephone modem 1 i n k   t o   t h e  NBS f o r  
two-way data exchange t o  v e r i f y   t h a t   t h e   c a l i b r a -  
t i o n s   a r e   c o r r e c t .  

I f  t h e   i n i t i a l   c o n t a c t  goes  beyond a simple 
suggest ion   o r   adv ice  on how t o   b e t t e r   u t i l i z e  
ex is t ing  equipment ,  NBS o f f e r s   t h e   o p t i o n   o f  
hav ing   the   user   a t tend one o f  t he  NBS Time  and 
Frequency  Seminars. The i n i t i a l   c o n t a c t  will 
u s u a l l y   s u g g e s t   t h e   l e v e l   o f   t h e   d i f f i c u l t y  and 
a p o s s i b l e   s o l u t i o n .  From experience, and 
espec ia l l y   dea l i ngs   w i th   rece ive r   manu fac tu re rs ,  
and  the NBS s t a f f  can  determine  what to   expec t  
i n  terms o f   s igna l   recep t ion   p rob lems .   Th i s  
i n f o r m a t i o n  i s  exchanged w i th   use rs  and  manufac- 
t u r e r s  so t h a t  an  informed  solut ion  can be 
sought. I n   a d d i t i o n   t o   s u g g e s t i n g   c o n t a c t i n g  
the  manufacturer  o r  h i s   r e p r e s e n t a t i v e  f o r  he lp,  
NBS also  suggests  that   equipment,   receivers 
e s p e c i a l l y ,  be t r i e d  a t   t h e  proposed s i t e   t o  
d e t e c t   i n t e r f e r e n c e  and s ignal   leve l   problems.  
Wi th  many years  o f   exper ience i n  these  areas, 
NBS can  usual ly  locate  problems and suggest 
a1 t e r n a t i v e s .  

An NBS frequency  seminar i s   t h e  second step 
o f   t h e   p r o c e s s   l e a d i n g   t o  an improved  ca l ibra-  
t i o n   s e r v i c e .  The seminar  serves  several  pur- 
poses. It al lows  the   user  t o  a c t u a l l y  see the 
k i n d   o f  equipment t h a t  i s  a v a i l a b l e .   I n   t h e  
seminar  meetings, many equipment  options  are 
d i s c u s s e d .   A l s o ,   t r a c e a b i l i t y   t o  NBS i s  des- 
c r i bed ,  and the  user   learns  what   h is   choices 
w i  11  be i n  terms  o f   operator   invo lvement .  
Emphasis i s  p laced on the   da ta  and i t s   i n t e r p r e -  
t a t i o n .  By the  t ime  the  seminar  at tendee  leaves, 
h i s   l e v e l   o f   f a m i l i a r i t y   i s  such t h a t  he can 
make a more i n t e l l i g e n t   c h o i c e .  The seminar 
a l s o   l e t s  him see a v a r i e t y  o f  equipment  used t o  
record   f requency   ca l ib ra t ion   da ta .  He sees a 
number o f   o p t i o n s   i n  terms o f  s ignal   sources, 
c r y s t a l ,   r u b i d i u m ,   o r  cesium. He sees  Loran-C, 
VLF, o r  LF recep t ion .  He i s   a l s o   i n t r o d u c e d   t o  
t ime-of-day systems  and t e l e v i s i o n  methods,  and 
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g e t s   t o  see s a t e l l i t e  systems a t  work.  From 
t h i s   e x p e r i e n c e ,   t h e   u s e r   i s   b e t t e r   a b l e   t o  
d e c i d e   w h a t   i s   b e s t   f o r   h i s   l a b o r a t o r y .  He  may 
we1 1 choose t o   s t a y   w i t h   w h a t  he h a s ,   t h i n k i n g  
t h a t   t h e   p o s s i b l e  added c o s t   o r   c o m p l e x i t y   i s  
n o t   w o r t h  it. 

I f  a d e c i s i o n  i s  made t o   g e t  a new system, 
t h e   n e x t   s t e p   i s   o b t a i n i n g   t h e   n e c e s s a r y   e q u i p -  
men t .   Th i s  will b e   s i m i l a r   t o   t h e   e q u i p m e n t  
used i n   t h e  NBS seminars ,   and  the   so f tware  will 
m a t c h .   A f t e r   g e t t i n g   t h e   e q u i p m e n t   i n s t a l l e d  
a n d   w o r k i n g ,   t h e   u s e r   c a n   u t i l i z e   t h e   t e l e p h o n e  
d a t a   l i n k   t o  NBS a n d   v e r i f y   c o r r e c t   e q u i p m e n t  
o p e r a t i o n .   I n   a d d i t i o n ,   t o   s i m p l y   e x c h a n g i n g  
r e c o r d e d   d a t a ,   t h e   t e l e p h o n e  modem a l l o w s   f o r  
s y s t e m   t r o u b l e s h o o t i n g   v i a   t h e   p h o n e   l i n e .   T h i s  
has  proved t o  be v e r y   u s e f u l   f o r   g e t t i n g   s y s t e m s  
s t a r t e d .  

To b e t t e r   e x p l a i n   t h e   d e t a i l s  o f  how t h i s  
s e r v i c e   o p e r a t e s ,   c o n s i d e r   t h e   f o l l o w i n g   e x a m p l e .  
Imag ine  a u s e r   i n   S a l t   L a k e  City who has a 
f r e q u e n c y   c a l i b r a t i o n   p r o b l e m .  He w a n t s   t o  
u p g r a d e   h i s   f r e q u e n c y   c a l i b r a t i o n   s e r v i c e  s o  
t h a t  h e   c a n   c a l i b r a t e   n e w e r   c o u n t e r s   w i t h   h i g h  
accuracy  t ime  bases.   His   actua l   measurement  
r e q u i r e m e n t   i s  one p a r t  i n  lo", bu t   he   dec ides  
t o  e x c e e d   t h i s ,   t o   a l l o w   f o r   h i g h e r   q u a l i t y  
f r e q u e n c y   c a l i b r a t i o n  needs i n   t h e   f u t u r e .  He 
t a l k s   t o   h i s   m a n u f a c t u r e r s '   r e p r e s e n t a t i v e   a n d  
views  several   equipment  demonstrat ions.   However,  
he i s  unsure abol;t how t o   a c h i e v e   t r a c e a b i l i t y ,  
and a t   t h e   r e p r e s e n t a t i v e ' s   s u g g e s t i o n ,   c a l l s  
NBS. From t h i s   i n i t i a l   c o n t a c t ,  h e   l e a r n s   t h a t  
h i s   o p t i o n s   a r e   t o   u s e  WWVB a t  60 kHz or   Loran-C 
from  the  West  Coast.  To f u r t h e r   i n c r e a s e   h i s  
u n d e r s t a n d i n g ,   t o   t r a i n  a member o f   h i s   s t a f f ,  
and t o  see a c t u a l   e q u i p m e n t   i n   u s e ,  he r e g i s t e r s  
t o   a t t e n d  a NBS f requency  seminar .  

T h i s   u s e r   i s   l o o k i n g  f o r  c o s t   t r a d e - o f f s  
and i s  concerned  about  how complex  the  system 
will b e   a f t e r  it i s   i n s t a l l e d  and  running.  He 
wants t o  see r e a l   d a t a   b e i n g   r e c o r d e d   a n d   h a n d l e d  
on a d a i l y   b a s i s   a n d   w a n t s   t o   t a l k   a b o u t   h i s  
problem. So t h e  NBS seminar i s  a good  choice.  
A t  NBS,  we h a v e   f o u n d   t h a t   p r e c i s i o n   f r e q u e n c y  
c a l i b r a t i o n   s e r v i c e s   h a v e   n o t   a l w a y s   b e e n   w e l l  
u n d e r s t o o d .   D i r e c t   u s e r   t r a i n i n g  has  been one 
r e s u l t   o f   a t t e m p t s   t o   s o l v e   t h i s   p r o b l e m .   E v e n  
though we how have t e c h n i c a l   l i t e r a t u r e   t h a t   i s  
f a i r l y  easy t o  read,   hand-on  exper ience i s  
i n v a l u a b l e .  

A t  t h e  NB5 seminar,   the  user  sees  Loran-C 
and  WVB  equipment   be ing  used  and  the  data  f rom 
t h o s e   r e c e i v e r s   b e i n g   p l o t t e d  and  analyzed 
( F i g u r e  3 . ) .  He g e t s  a f e e l i n g   f o r   t h e   k i n d   o f  
d a t a  he will have t o   h a n d l e   t o   a c h i e v e   h i s  
t a r g e t   o b j e c t i v e   o f   p a r t s   i n  10" c a l i b r a t i o n  
accuracy .  He sees  equipment  f rom a number o f  
m a n u f a c t u r e r s   i n   o p e r a t i o n .   D u r i n g   t h e   s e m i n a r ,  
h e   t a l k s   w i t h   o t h e r   u s e r s   a n d   w i t h   t h e m  makes 
c o m p a r i s o n s   o f   t h e   o p t i o n s   a v a i l a b l e   t o   h i m .  

F i n a l l y ,  he   dec ides   tha t   even  though WWVB 
i s   r e c e i v a b l e   i n   S a l t  Lake City, he will s e l e c t  
Loran-C  as a c a l i b r a t i o n   s o u r c e   a n d  will use  an 
a u t o m a t i c   d a t a   l o g g e r   ( F i g u r e  4 . ) .  T h i s   c h o i c e  

g i v e s   h i m   s t a t e - o f - t h e - a r t   f r e q u e n c y   c a l i b r a -  
t i o n s .  A t  t h e  NBS seminar,   the  user  sees  Loran-C 
t r a c k i n g   r e c e i v e r s   r u n n i n g   w i t h   l i t t l e   o r  no 
a t t e n t i o n   a n d   a l s o   n o t e s   t h a t   t h e   d a t a   l o g g i n g  
sys tem  takes   care   o f   power   ou tages   and i s  de- 
s i g n e d   t o   m i n i m i z e   o p e r a t o r   i n t e r a c t i o n .  A t  t h e  
o t h e r   e n d   o f   t h e   t e l e p h o n e   l i n e ,  NBS c a n   p r o v i d e  
a s s u r a n c e   ( a u t o m a t i c a l l y )   t h a t   t h e   d a t a   b e i n g  
r e c o r d e d   i s   v a l i d .  The u s e r   t h e n   g a t h e r s   u p   h i s  
s e m i n a r   m a t e r i a l   a n d   r e t u r n s   t o   h i s   l a b o r a t o r y  
r e a d y   f o r   t h e   n e x t   p h a s e ,   w h i c h   i s   g e t t i n g   t h e  
equ ipment   together .   Depend ing   on   h is   cho ices ,  
t he   equ ipmen t   cos ts   shou ld   rema in   modes t   (F ig -  
u res  5 and 6 ) .  T h i s   r e f l e c t s  a p r i m a r y   d e s i g n  
g o a l   b y  NBS t o  make t h e   s y s t e m   a f f o r d a b l e ,  
au tomat i c ,   and   easy   t o   ope ra te .  

A s  h i s   e q u i p m e n t   i s   d e l i v e r e d ,   t h e   u s e r  
will w o r k   w i t h   h i s   m a n u f a c t u r e r s '   r e p r e s e n t a -  
t i v e s   t o   g e t  i t  i n s t a l l e d .   U s i n g   N B S - c o m p a t i b l e  
s o f t w a r e ,  he  can  go a t  once i n t o  a debugging 
phase  where   h is   da ta   can   be   compared w i th  d a t a  
r e c o r d e d   a t   t h e  NBS. T h i s   p r o v i d e s   t h e   a s s u r -  
a n c e   t h a t   t h e   c a l i b r a t i o n s   a r e   v a l i d .  The 
s e m i n a r   t r a i n i n g   m a t e r i a l  will a l s o   c o n t a i n  
examples o f   d a t a   p l o t s   a n d   o s c i l l a t o r   p e r f o r -  
mance e v a l u a t i o n .  

As q u e s t i o n s   a r i s e ,   t h e   u s e r   c a n   " s e e "   t h e  
p e r f o r m a n c e   o f   h i s   L o r a n   b a s e d   s y s t e m   b y   p l o t t i n g  
d a t a   o b t a i n e d   a t   h i s   s i t e .   C o n v e r s e l y ,  NBS can 
a l s o   l o o k   a t   h i s   d a t a   v i a   t e l e p h o n e  modem. T h i s  
two-way  data  exchange i s  a most   va luab le   charac-  
t e r i s t i c   s i n c e  it c a n   r e s o l v e  many o f   t h e   p r o -  
b l e m s   a s s o c i a t e d   w i t h   p r e c i s i o n   f r e q u e n c y   c a l i -  
b r a t i o n s .   T h i s   u s e r  will a lso   have  a Frequency 
C a l i b r a t i o n   B u l l e t i n   a v a i l a b l e  t o  h im.   Th is  i s  
a p u b l i s h e d   l i s t   o f   t h e   p e r f o r m a n c e   o f  some 
a c c u r a t e   s i g n a l   s o u r c e s ,   s u c h  as WWVB, Loran-C, 
and  severa l  VLF s t a t i o n s   ( F i g u r e  7).  He can 
ob ta in   t hese   da ta   by   t e lephone   and  will a l s o   g e t  
a c o p y   b y   m a i l   a t   m o n t h l y   i n t e r v a l  S. S i n c e   t h e  
s o f t w a r e   i s   c o m p a t i b l e ,   h i s   p l o t s  will o v e r l a y  
t h e  NBS p l o t s  and  he  can i d e n t i f y   s y s t e m   t r o u -  
b l e s .  

The use r  now has a h i g h   q u a l i t y   s y s t e m   t h a t  
h e   u n d e r s t a n d s   a n d   t h a t   f u l f i l l s   h i s   r e q u i r e -  
ments.   The  system  runs w i t h  t h e   l e a s t   t r o u b l e  
and  inconvenience  to   h im  and  can  be  upgraded  as 
new developments  emerge. I f  t h e   u s e r   h a s   s t a f f  
changes,   he   can   send  add i t iona l   persons   to   an  
NBS s e m i n a r   f o r   t r a i n i n g .  He will f e e l   t h a t  he 
i s  a p a r t   o f   l a r g e r   s y s t e m   a n d   t h a t   h e l p   i s  
a v a i l a b l e .   T h i s   i s   i n   c o n t r a s t   t o   t h e   s i t u a t i o n  
i n  recen t   yea rs   where   each   use r  was e s s e n t i a l l y  
i s o l a t e d .  

A n o t h e r   b e n e f i t   i s   b u i  1 t i n t o   t h e  system. 
Suppose i n   o u r  example t h a t  an a i r  base  near 
S a l t  Lake City has a c o n t r a c t o r  who wants t o  
check  some t i m i n g   e q u i p m e n t .   T h i s  new user   can  
b e n e f i t   f r o m   t h e   d a t a   b a s e   a s p e c t s  o f  t h e  new 
NB5 Frequency   Ca l ib ra t ion   sys tem.   Each new use r  
i n  a n   a r e a   c a n   c o m p a r e   h i s   d a t a ,   v i  a t h e  NBS 
d a t a   b a s e ,   w i t h   o t h e r s .   I n   t h i s   e x a m p l e ,  i f  two 
use rs   a re   t rack ing   Lo ran -C ,   any   susp ic ious   da ta  
c a n   b e   t r a c k e d  down a n d   t h e   c a u s e   l o c a t e d .   I n  
an   a rea   t ha t   has  many u s e r s ,   t h e   o v e r a l l   q u a l i t y  
o f   c a l i b r a t i o n s  will l i k e l y   i m p r o v e ,   e s p e c i a l l y  
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if some  users  maintain very high  quality  frequen- 
cy  standards. 

Conclusion 

The NBS feels  that  this  new  service  plan 
will meet  a  critical need for  frequency  calibra- 
tion  users.  It  has  been  planned  to  provide all 
the  necessary  training,  data  logging,  feedback, 
and follow-up. As improvements in technique  are 
developed at NBS, they  can be incorporated by 
substitution  or  modification o f  system  software. 
If lower  cost  options or  peripherals  are  devel- 
oped,  they  too  can  be  easily  incorporated. 

VLF OR W E  
RECEIVER 

I 

FIGURE 1 .  SIMPLE FREQUENCY CALIBRATION SYSTEM (COnPUTER OPTIONAL)  

CRYSTAL OSCILUTOR CALIBRATION 
APPLICATIONS OF F R E W E I E Y  COLMTERS 
HCW To C W S E  A FRECOEWY CALIBRAYON SOURCE 
CARE A t C  USE OF  FRECUEIEY SOUKES 
USIffi WRAN-C AND hhVB FOR FRECL'EEY CALIBRATIONS 
T I b E  A t C  FRECrJEtrY U E R S m F N T  ASSURAKE SERVICES AT E I S  
ORC3NIZATION CIF TIME AEm F R E W M C Y  I N  THE U.S 
IgS,  USNO. A D  OTHER RlELICAZONS 

m l s t r a t l o n  fee includes t eachmg  ma te r l a : s .   supp l~es ,   co f fee  and refreshnff.ts. 
and certlflcate of c m p l e t l o n .  

RECIST?ATIMU D W L I N E :  & t O h K  11. 

WELLATION: wegls t ra t lon   fee  w l l l  be refunded ~n f u l l  o n l y  I f   no t l ce   o f  
cance l la t ion  1s rwelved a t  hBS p r l o r  t o  October U. 

MAKE CHFZKS PAYABLE m: SMINAR ON FRECUENX H F A S U R E T ~ S  Am CALIBRATIONS. 

HCrlEL INFORIIRTION: See p q e  2 .  

I N S T R ~ I O N S  FOR AmENOANCE: Cmplete am3 return  a2tached arpllcatlon. 

FIGURE 2. EXAMPLE OF SEMINAR ANNOUNCEYEN- 
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FIGURE 3 .  E X W L E  OF LORAN  DATA AS RECEIVED AT THE NB8 
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FIGURE 5 .  E X M P L E  OF LOU COST NBS FREQUENCY CALIBRATION  SYSTEM 

--c 1 

I I 

FIGURE 6, E X M P L E  OF HE5 FREQUENCY CALIBRATION SYSTEM U I T H  H03Eil AND P L O T T I N G   C A P A B I L I T I E S  
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3. PHASE DEVLATICNS FOR W AND UMER Ni3Bs*yNIlDRED BIiDADcAsTS 

W B  ( 6 6  !&L) 

Vales glven  for WIVE4 a r e  the time difference bet- the time m k e r s   o f   t h e  tine scale  a d  
t h e   f x s t  psitiv-1-  zero  voltage  crossover masure3 a t  the t r m t t i n g  ant-. '%e uncertainty 
of  irdlvldual  measuanents is plus or minus 0.5 microseconds. Values l i s t e d   a r e   f o r  150@ m. 

=Wth Dakota (13.1 kHz) and m a ,  Havaii (11.8 kHz) 

Relative phase  values  are  given for MS statim ard cnly  the change fran the prevmus  aval lable   day 's  

m weekends or s t a t lon  maintenance  days) a r e  m k e d  ( - ) .  If data were los t ,   cont inui ty  1 s  a l s o  lost 
readlng i s  p lb l l shed .  mys  *en the   data  were sat isfactory  but   readlrqs  E r e  mt taken (for example. 

ard the r rdlcat lon is ( * ) ,  which m s  that read- canmt  be ampred to the prevlous  day. 

LOW< m a ,  Indiana ard LDRAKC mllon, Nevada, (1BB kHz) 
V a l e s  for Loran-C (IXma) and Lcaan-C (Fallm) are the t k  dlfference  betwen  the vIT(NBs) tune pulses 
ard the 1 PS mtpt  of the Wan-C  receiver .  

1 45425 

2  45426 

3 45427 

4  45428 

5 45429 

6  45430 

7 45431 

8 45432 

9 45433 

10 45434 

11 45435 

12  45436 

13  45437 

14  45438 

15  45439 

16 45440 

I 7  45441 

18 45442 

19 55443 

20 45444 

21  45445 

22 45446 

23 45447 

24 45448 

25 45449 

26 45450 

27 45451 

28 45452 

29 45453 

30  45454 

5 . m  

5.70 

5.70 

5.71 

5.73 

5.69 

5.79 

5.70 

5.72 

5.74 

5.75 

5.68 

5.69 

5.75 

5.77 

5.67 

5.65 

5.64 

5.64 

5.65 

5.72 

5.72 

5.72 

5.72 

5.72 

5.85 

5.67 

5.66 

5.68 
5.68 

, - )  

( - )  

+ 1.2  

+ 0.6  

+ 0 . 9  

+ 1.6 

- 2.2 

+ 1.3 

- 0.8 

- 0 . 3  

+ 0 . 1  

+ e . 9  

- 0.6 

+ 2 . 3  

- 0.7 

+ 0.1 

+ 0 . 9  

- 0 . 3  

+ 1 . 2  

- 0.1 

- 0 . 4  

- 1.1 

- 1.9  

+ 1 . 5  

+ 3.0 

+ 0.6 

- 1.8 

- 0.9 

+ 0.5 

+ 0 . 6  

( - )  

( - 1  
- 1.4  

* 0.1 

+ 1.1 

- 0 . 6  

+ 0.1 

- 0 . 3  

+ 1.4 

- 0.1 

- 0 . 6  

- 1.5 

+ 1.1 

- 0.8 

+ 1 . 4  

- 0.2  

+ 0 . 1  

0 . 0  

- 0 . 4  

- 0.1 

- 0 . 3  

- 1.1 

+ ? . 2  

- 0 . 1  

+ 0.6  

- 0.7 

- e.2 
+ 0.7 

- 0.1  

- 1 . 4  

62295.95 

62295.83 

62295.04 

622%. 02 

62295.93 

62295.94 

62295.69 

62295.78 

62295. &? 

62295.64 

62295.80 

62295.87 

62295.7a 

62295.84 

62295.76 

62295.47 

62295.47 

62295.49 

62295.62 

62295.56 

62295.62 

62295.71 

62295.42 

62295.41 

62295.55 

62295.54 

62295.58 

62295.57 

62295.63 

62295.52 

3947.01 

394:. m 
3947.05 

3947.05 

3947.00 

3945.06 

3947.12 

3947.22 

3947.33 

3947.48 

3947.57 

3947.5' 

3947.61 

3947 .62 

3947.66 

3947.89 

3947.95 

3947.95 

3948.02 

3948.06 

3948.12 

3948.16 

3946.22 

3948.24 

3948.28 

3948.34 

3948.37 

3948.33 

3946.38 

3948.35 
___.__ 

V a l ~ s  for C"ega an3 Span<   a re   a s   r ece ived   a t  NBS, Boulder.  Colorado. V a l u e s  a r e  4 - b ~ ~  averages 
taken h m  1600-2000 VIC dai ly .  VLF data are r e p e e d   e x a c t l y   a s  seen. Sone days shzw variations 
due to s l g n a l  loss or statim outages. ?he data   are  st111 u s e f u l .  

-3- 

FIGURE 7.  AN EXAMPLE OF PUBLISHED  FREQUENCY CALIBRATION DATA 
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